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Summary 
This document describes a method of constructing a testbed system composed of the credit card sized PC boards. 
This system is used for the purpose of evaluating a Linux-based parallel processing functionarity. As the initial 
results it was possible to evaluate the performance degradation according with the dispersing treatment. 
࣮࣮࢟࣡ࢻ㸸 ࣮࢝ࢻࢧ࢖ࢬ PC ࢡࣛࢫࢱᵓᡂ ୪ิฎ⌮ Linux
Keywords㸸Card-size PC Cluster Parallel Processing Linux 
1㸬 ࡣࡌࡵ࡟
㏆ᖺࡢᦠᖏ➃ᮎ࡟ಀࡿᢏ⾡㐍ᒎ࡟క࠸ࠊ୺࡟⤌ࡳ㎸
ࡳ⏝㏵࡟⏝࠸ࡽࢀࡿ CPU 㒊ရࡀ㧗ᛶ⬟໬ࡋࠊ࠿ࡘᩘከ
ࡃᏳ౯࡟ὶ㏻ࡋ࡚ࡁࡓࠋࡇࢀࡽࡣࢹࢪࢱ࣓ࣝ࢝ࣛࡢグ
᠈፹య࡜ࡋ࡚฼⏝ࡉࢀ࡚࠸ࡿ SD ࣓࣮ࣔࣜ࢝ࢻࢆグ᠈
፹య࡜ࡋ࡚฼⏝ࡋࠊ㉸ᑠᆺ PC࡜ࡋ࡚/LQX[࡞࡝ࡢỗ⏝
OSࡢࡶ࡜࡛༢య࡛ືసࡉࡏࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋࡇࢀ
ࡽࡢᶵჾࡣฎ⌮⬟ຊⓗ࡟๓ୡ௦ࡢࣀ࣮ࢺ PC ࡟㏕ࡿࡇ
࡜ࡶ࠶ࡾࠊྛ✀ᐇ㦂ไᚚ⏝࡞࡝ࡑࡢ฼⏝⠊ᅖࡶᣑ኱ࡋ
ࡘࡘ࠶ࡿࠋ
2㸬୪ิฎ⌮ࢩࢫࢸ࣒ 
  ୍᪉ࠊ♫఍ⓗࢽ࣮ࢬࡢ㧗ࡲࡾࡘࡘ࠶ࡿࣅࢵࢢࢹ࣮ࢱ
ゎᯒ࡞࡝࡟࠾࠸࡚ࠊ୪ิฎ⌮ᶵᵓ࡟㛵ࡋ࡚ࡢືྥࡶ㏆
ᖺࡑࡢά⏝ࡀ╔┠ࡉࢀ࡚ࡁ࡚࠸ࡿࠋ(1) 
  ࡇࢀࡲ࡛୪ิฎ⌮ᶵᵓࡣᐇ⏝ⓗᡭẁ࡜ࡋ࡚ࡣ㧗౯࡞
ᑓ⏝タഛࢆ฼⏝ࡍࡿࡇ࡜ࡀồࡵࡽࢀࡓࡀࠊࢡࣛ࢘ࢻࢩ
ࢫࢸ࣒࡞࡝ࡢⓏሙ࡛ィ⟬㈨※ࣜࢯ࣮ࢫࡣ௬᝿໬ࡉࢀࠊ
ࡑࡢᵓᡂᡭἲࡶከᵝ໬ࡋ࡚ࡁ࡚࠸ࡿࠋ

ᡃࠎࡣࡇࡢ㉸ᑠᆺ PC ࢆከᩘ⏝ពࡋ࡚࢖࣮ࢧࢿࢵࢺ
࣮࣡ࢡ࡛┦஫⤖ྜࡋࠊ୪ิฎ⌮ィ⟬ᶵᵓࡢホ౯⏝ࢸࢫ
ࢺ࣋ࢵࢻࢩࢫࢸ࣒ࢆᵓ⠏ࡍࡿࡇ࡜ࢆィ⏬ࡋࡓࠋ
 
෗┿ ௒ᅇᵓᡂࡋࡓࢸࢫࢺ࣋ࢵࢺ⿦⨨
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3㸬ࢸࢫࢺ࣋ࢵࢻࢩࢫࢸ࣒ 
  ௒ᅇᵓᡂࡍࡿࢩࢫࢸ࣒ࡢ┠ⓗ࡜ࡋ࡚௨ୗࡢ㡯┠ࢆ
ୖࡆࡿࠋ 
(1) PC ྎᩘ࡜ฎ⌮⬟ຊࡢ㛵ಀ(ࢫࢣ࣮ࣛࣅࣜࢸ࢕) 
(2) 」ᩘࡢ୪ิฎ⌮ᡭἲࡢ㐺⏝ᛶ 
(3) 」ᩘィ⟬ᶵࡢไᚚᶵᵓࡢ᳨ウ 

௒ᅇࡣࡑࡢᵓᡂࡢᐜ᫆ࡉ࠿ࡽࠊඹ᭷࣓ࣔࣜࢆ᭷ࡋ
࡞࠸␯⤖ྜィ⟬ᶵࣔࢹࣝࢆ⏝࠸࡚ࠊ」ᩘࡢ⊂❧ࡋࡓ
ỗ⏝ PC ࢆ࢖࣮ࢧࢿࢵࢺ᥋⥆ࡋ࡚ศᩓฎ⌮⿦⨨ࢆᵓ
ᡂࡋࠊࣃࣇ࢛࣮࣐ࣥࢫホ౯ᐇ㦂ࢆ⡆᫆࡟ᐇ᪋࡛ࡁࡿ
ࡇ࡜࡟୺║ࢆ⨨ࡃࡇ࡜࡜ࡋࡓࠋ

3.1 ࣀ࣮ࢻᵓᡂ
 ᵓ⠏ࡋࡓࢩࢫࢸ࣒ࡢࣁ࣮ࢻ࢚࢘࢔ᵓᡂࢆୗ⾲࡟♧
ࡍࠋ㟁※ࣘࢽࢵࢺ࡟㛵ࡋ࡚ࡣᐜ㔞ࡢ㐪࠺✀㢮ࢆ⏝ព
ࡋ࡚㛗ᮇ㐃⥆㐠⏝࡛ࡢᏳᐃᛶࢆ᳨ドࡋࡓࠋ

CPU ࣮࣎ࢻ
(ࣉࣟࢭࢵࢧ) 
RaspberryPi type-B 
(700MHz/ARM11) 
グ᠈፹య SD ࣮࢝ࢻ 8GB 
㟁※ࣘࢽࢵࢺ A 5V 4portྜィᐜ㔞 2A 
㟁※ࣘࢽࢵࢺ B  5V 6portྜィ 5A(ணഛᵓᡂ) 
෭༷ࣇ࢓ࣥ 㝶᫬タ⨨ 

ࢯࣇࢺ࢙࢘࢔ᵓᡂ(OS)࡜ࡋ࡚ࡣLinux OS࡛࠶ࡿGNU 
Debian 7.9 ࢆ࣮࣋ࢫ࡜ࡋ࡚ Raspberry Pi ྥࡅ࡟⛣᳜ࡋࡓ
ࣂ࣮ࢪࣙࣥ Raspbian wheezy (2)ࢆ౑⏝ࡋࡓࠋ 
 
3.2  ┦஫⤖ྜᶵᵓ(ࢿࢵࢺ࣮࣡ࢡ)  
16 ࣏࣮ࢺࢠ࢞ࣅࢵࢺࢫ࢖ࢵࢳ 3 ྎࢆ᥇⏝ࡋࡓࠋ 
CPU ࣮࣎ࢻෆⶶࡢࢿࢵࢺ࣮࣡ࢡ࢖ࣥࢱࣇ࢙࣮ࢫࡣ
100Mbps )DVW (WKHUQHW ࡛࠶ࡿࡀ⤖ྜᶵᵓ࡜ࡋ࡚ࡣࡼ
ࡾ㧗㏿ࡢࢠ࢞ࣅࢵࢺࢫ࢖ࢵࢳࢆ᥇⏝ࡋࡓࠋ

ᵓᡂࡋࡓᐇࢩࢫࢸ࣒ࢆ෗┿  ࡟♧ࡍࠋࡑࡢࢩࢫࢸ࣒
ᵓᡂࢆᅗ ࡟♧ࡍࠋ
4㸬 ࢩࢫࢸ࣒ホ౯⎔ቃ 
ホ౯ᡭἲ࡜ࡋ࡚฼⏝࡛ࡁࡿࢯࣇࢺ࢙࢘࢔⎔ቃ࡟ࡣ
௨ୗ࡟♧ࡍࡶࡢࡀೃ⿵࡜ࡋ࡚࠶ࡆࡽࢀࡿࠋ
ከࡃࡢࡶࡢࢆึᮇẁ㝵୍࡛ḟホ౯࡟⏝࠸ࡓࡀࠊࡇ
ࡇ࡛ࡣࡑࡢ᳨ウࡢ୍㒊ࢆ♧ࡍࠋ

4.1 ⏬ീࣔࢨ࢖ࢡຍᕤฎ⌮ 
   ௒ᅇヨ㦂ࡋࡓ⏬ീฎ⌮ࡢ౛ࢆᅗ 2 ࡟♧ࡍࠋ 
 
 
 
 
 
 
ୖ:ཎ⏬ീ ྑ:ฎ⌮ᚋ(ᣑ኱) 
 ᅗ 2 ศᩓࣔࢨ࢖ࢡฎ⌮⤖ᯝ⏬ീ(౛) 
 
4.2 MPI ヨ㦂
 MPI(Message Passing Interface)ࡣࠊ୪ิィ⟬ฎ⌮
ࢆ฼⏝ࡍࡿࡓࡵ࡟ᶆ‽໬ࡉࢀࡓつ᱁࡛࠶ࡿ(3)ࠋࡇ
ࡢ௙⤌ࢆ฼⏝ࡋ࡚」ᩘィ⟬ࣀ࣮ࢻࡀ࣓ࢵࢭ࣮ࢪࢆ
㏦ཷಙࡋ࡚༠ㄪືసࢆ⾜࠺ࡇ࡜ࡀ࡛ࡁࡿࠋ 
ẚ㍑ⓗᵓᡂࡀ⡆༢࡞ࡓࡵ௒ᅇࡣࡇࡢ௙⤌࡛୪ิ
ィ⟬ࢆࡉࡏࡿࡇ࡜࡜ࡋࡓࠋヲ⣽ࡣḟ⠇࡛㏙࡭ࡿࠋ

4.3 ࡑࡢ௚ࡢホ౯ᡭἲ
     ௨ୗࡢホ౯ࢆᐇ⾜୰ࡲࡓࡣ‽ഛ୰࡛࠶ࡿࠋ 

࣭ጲ㔝࣋ࣥࢳ 
          ୪ิฎ⌮ࢆྵࡴ࣋ࣥࢳ࣐࣮ࢡࢸࢫࢺ࡜ࡋ࡚ከࡃ
ά⏝ࡉࢀࡿỗ⏝ࢶ࣮࡛ࣝ࠶ࡿ(4)ࠋ௒ᅇࡶ୍ḟホ౯
࡜ࡋ࡚฼⏝ࡋࡓࠋ
ᅗ ࢸࢫࢺ࣋ࢵࢺࢩࢫࢸ࣒ࡢ⿦⨨ᵓᡂ
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࣭ື⏬ศᩓ࢚ࣥࢥ࣮ࢻฎ⌮ 
  ィ⟬㔞ࡢከ࠸ື⏬ീᅽ⦰ࢆศᩓᶵᵓ࡛ฎ⌮ࡍࡿ
ᶵᵓ࡛࠶ࡿ(5)ࠋ㐺ษ࡞ࣃ࣓ࣛࢱ㑅ᐃ୰࡛࠶ࡿࠋ 
5㸬MPI ホ౯⤖ᯝ 
  ௒ᅇホ౯࡛⏝࠸ࡓ MPI ᶵᵓ࡟ࡼࡿ୪ิ෇࿘⋡ィ⟬ࡢ
⤖ᯝࢆ㏙࡭ࡿࠋ඲యືస࡜ࡋ࡚ࡣࠊᅗ  ࡟♧ࡍ㏻ࡾࠊ
03, ᶵᵓ࡟ࡼࡾ࿨௧ࣀ࣮ࢻࡼࡾᑐ㇟࡜࡞ࡿฎ⌮ࣀ࣮ࢻ
⩌࡟ᑐࡋ࡚ฎ⌮㛤ጞࢆᣦ♧ࡋࠊඹ㏻࣓ࣔࣜ࠿ࡽࣃ
࣓ࣛࢱࢆ࣮ࣟࢻࡋࠊฎ⌮᏶஢ᚋ࡟ィ⟬⤖ᯝࢆ㞟✚
ࡍࡿࡶࡢ࡛࠶ࡿࠋ 
෇࿘⋡ィ⟬ࡣୗ࡟♧ࡍィ⟬ᘧD࡟ࡼࡾ㠃✚ィ⟬࡟ࡶ
࡜࡙ࡁ್ࢆồࡵࡿࡶࡢ࡛࠶ࡿࠋᅗ  ࡟♧ࡍ༊㛫 [ ࠥ
ࡢ㠃✚ࢆ㒊ศ༊㛫࡟ 1ศ๭ࡋࠊࡑࢀࢆ .ྎࡢ」ᩘ 3&࡛
ศᢸࡋ࡚ồ✚ࡍࡿࡶࡢ࡛࠶ࡿࠋ. 1  ࡢሙ
ྜࠊ[ ࠥ ࢆ  ศ๭ࡋ࡚ 3& ࡀࠊ[ ࠥ
 ࢆ  ศ๭ࡋ࡚ 3& ࡀࡑࢀࡒࢀồ✚ࡍࡿࡇ࡜
࡜࡞ࡿࠋ 
D
 ᅗ ồ✚⠊ᅖࡢศ๭
 㡿ᇦศ๭ᩘ 1 ࢆኚ᭦ࡍࡿࡇ࡜࡟ࡼࡾࠊィ⟬ฎ⌮㔞ࢆኚ
໬ࡉࡏ࡚࠾ࡾࠊࢩࢫࢸ࣒㈇Ⲵࣃ࣓࣮ࣛࢱ࡜ࡋࡓࠋศ๭
ᩘ 1 ࡣ ࠥ ࡲ࡛ኚ໬ࡉࡏࡓࠋ౑⏝
ࣀ࣮ࢻᩘ .ࢆ  ࡜ኚ໬ࡉࡏࡓࠋࡑࢀࡽ
ࡢ⤌ࡳྜࢃࡏ࡛ฎ⌮᏶஢ࡲ࡛ࡢ᫬㛫ࡢኚ໬ࢆほᐹࡋࡓࠋ
༢⣧࡟ゝ࠼ࡤࠊ౑⏝ࣀ࣮ࢻᩘ .ࢆ ಸ࡟ࡍࢀࡤ඲యࡢ
ฎ⌮᫬㛫 W ࡣ  ࡜࡞ࡾࠊࡑࡢ㏙࡭ฎ⌮᫬㛫ࡣኚ໬ࡋ
࡞࠸ࡇ࡜࡜࡞ࡿࡀࠊฎ⌮ศ๭ࡢ࣮࢜ࣂ࣊ࢵࢻ࡟ࡼࡾ౑
⏝ࣀ࣮ࢻᩘࢆቑࡸࡏࡤ㏙࡭ฎ⌮᫬㛫.Wࡣቑ኱ࡍࡿࡇ࡜
࡜࡞ࡿࠋ௒ᅇࡢホ౯ࡣࡑࡢቑຍࢆ ᐃࡋࡓࠋ
5.1 ホ౯⤖ᯝ 
ᅗ 4 ࡣ౑⏝ࣀ࣮ࢻᩘ K ࢆࣃ࣓࣮ࣛࢱ࡜ࡋ࡚㡿ᇦィ⟬
ศ๭ᩘ N ࢆኚ໬ࡉࡏࡓሙྜࡢฎ⌮᫬㛫ࡢቑ኱࡛࠶ࡿࠋ
K=2 ࡟࠾ࡅࡿศ๭ᩘ N=30,000,000 ࡢሙྜ௨እࡣᡤせ᫬
㛫ࡣศ๭ᩘ N ࡟ẚ౛ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
ᅗ 4 ồ✚㡿ᇦศ๭ᩘ N ࡜ฎ⌮᫬㛫ࡢ㛵ಀ 
 
ᅗ 5 ࡣศ๭ᩘ N ࢆࣃ࣓ࣛࢱ࡜ࡋ࡚౑⏝ࣀ࣮ࢻᩘ K ࢆ
ኚ໬ࡉࡏࡓሙྜࡢࣀ࣮ࢻ࠶ࡓࡾࡢᡤせฎ⌮᫬㛫࡛࠶
ࡿࠋศ๭ᩘ N=1,000,000 ࢆ㝖࠸࡚ฎ⌮ࣀ࣮ࢻᩘࡢቑຍ
࡟ࡼࡾฎ⌮᫬㛫ࡣῶᑡࡋ࡚࠸ࡿࠋࡓࡔࡋ K=40 ࡢሙྜ
ࡣ K=32 ࡟ẚ࡭࡚ቑ࠼࡚࠸ࡿⅬࡀ␲ၥⅬ࡛࠶ࡿࠋ 
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ᅗ 5 ౑⏝ࣀ࣮ࢻᩘ K ࡜ࣀ࣮ࢻ࠶ࡓࡾࡢᡤせฎ⌮᫬㛫 
 
ᅗ 6 ࡣ㏙࡭ฎ⌮᫬㛫 Kt ࢆẚ㍑ࡋࡓࡶࡢ࡛࠶ࡿࡀࠊ౑
⏝ࣀ࣮ࢻᩘ K ࡢቑຍ࡟క࠸ศ๭࣮࢜ࣂ࣊ࢵࢻࡀᙳ㡪ࡋ
࡚࠾ࡾࠊ≉࡟㡿ᇦศ๭ᩘ N ࡀᑠࡉ࠸ሙྜ࡟ࡑࡢᙳ㡪ࡀ
኱ࡁ࠸ࡇ࡜ࡀศ࠿ࡿࠋ 
ᅗ 6  ౑⏝ࣀ࣮ࢻᩘ K ࡜ᘏ࡭ฎ⌮ᡤせ᫬㛫 Kt 
 
6㸬ࡲ࡜ࡵ
௒ᅇࡢ௻⏬࡟࠾࠸࡚ࡣ」ᩘྎࡢ Linux PC ࢆࢿࢵࢺ࣡
࣮ࢡ࡛ࡘ࡞ࡂศᩓฎ⌮⣔ࢆᵓ⠏࡛ࡁࠊᏛ⏕࡛ࡶᡭ㍍࡟
ᢅ࠼ࡿࣔࢹࣝᐇ㦂ࢩࢫࢸ࣒ࢆᏳ౯࡟ᵓᡂࡍࡿࡇ࡜ࡀ࡛
ࡁࡓࠋᮏࢩࢫࢸ࣒࡟ࡼࡾࠊLinux OS ࢆ࣮࣋ࢫ࡜ࡋࡓྛ
✀ศᩓฎ⌮⣔ࡢࣃࣇ࢛࣮࣐ࣥࢫホ౯ࢆᐇ᪋࡛ࡁࡿࡼ࠺
࡟࡞ࡗࡓࠋ
ᵓ⠏࡟࠶ࡓࡗ࡚ࡣᦠᖏ㟁ヰ⤌ࡳ㎸ࡳ⏝㏵࡟౪⤥ࡉࢀ
࡚࠸ࡿ ARM ⣔ࣉࣟࢭࢵࢧࢆ㍕ࡏࡓ SoC㸦System On A 
Chip㸧ᇶᯈࢆ⏝࠸ࡓྡ่ࢧ࢖ࢬ Linux ࣑ࢽ PC ࢆ 40 ྎ
⏝ពࡋ඲యไᚚ࡟ྎ㏣ຍࡋࠊ100Mbps)DVW(WKHUQHW
࡛┦஫᥋⥆ࡋ୍࡚యⓗ࡟㐠⏝࡛ࡁࡿࡼ࠺࡟ࡋࡓࠋ 

ᵓ⠏ࡢ⤖ᯝ࡜ࡋ࡚௨ୗࡢ▱ぢࡀᚓࡽࢀࡓࠋ
 (1) Ẹ⏕⏝ࡢ USB ࢖ࣥࢱ࣮ࣇ࢙࣮ࢫࡢᦠᖏ㟁ヰ⏝඘
㟁ჾࢆ㧗ᐦᗘ࡟ከᩘ㓄⨨ࡋࡓࡀࠊ㛗᫬㛫㐃⥆㐠㌿ࡣ᝿
ᐃእ௙ᵝࡢࡓࡵ≉࡟㟁※⣔࡟࠾࠸࡚ᨺ⇕ฎ⌮ࡀᚲ㡲࡛
࠶ࡾࠊࣇ࢓ࣥ✵෭ࡀᚲせ࡛࠶ࡗࡓࠋ
(2) 」ᩘྎࡢᑠᆺᶵჾࡢṇᖖືస☜ㄆ㸦Ṛά┘ど㸧ࢆ
ྵࡵࢩࢫࢸ࣒㉳ື࣭೵Ṇ࡟ࡣ㞟୰⟶⌮ᶵᵓࡀᚲ㡲࡛࠶
ࡗࡓࠋྎࡢ┘どไᚚ⣔ࢆ㏣ຍࡋࡓࠋ
(3) ࢩࢫࢸ࣒እࢿࢵࢺ࣮࣡ࢡ㸦◊✲ᐊࢿࢵࢺ࣮࣡ࢡ㸧
࡜ࡣእ஘㐽᩿ࡋ⊂❧ࢿࢵࢺ࣮࣡ࢡ࡜ࡋ࡚ືసࡉࡏ࡚ホ
౯ᚲせ࡛࠶ࡿࡇ࡜ࡀุ᫂ࡋࡓࠋ

ึᮇẁ㝵ࡢホ౯ࡣ 2014 ᖺᗘ༞ᴗ◊✲ࢆ࣮࣋ࢫ࡟⾜ࡗ
࡚࠾ࡾࠊ௒ᅇࡣ௨ୗࡢ㡯┠ࢆ㔜Ⅼ໬ࡋ᳨࡚ウࡋࡓࠋ
(1) ⡆᫆ゝㄒ Python ࡜ศᩓฎ⌮ࢯࣇࢺࣛ࢖ࣈࣛࣜࢆ⏝
࠸࡛෇࿘⋡ィ⟬࡟࠾ࡅࡿ㈇Ⲵศᩓฎ⌮ᶵᵓࡢタィ
(2) 㞟୰ᆺไᚚࣀ࣮ࢻ㸦࿨௧ࣀ࣮ࢻ㸧࡟ࡼࡿศᩓࣀ࣮
ࢻ➃ᮎไᚚᶵᵓࡢᵓ⠏
(3) ࢪࣙࣈ୪ิศ๭࡟ࡼࡿ࣮࢜ࣂ࣊ࢵࢻホ౯
(4) 㛗᫬㛫Ᏻᐃᛶ࡜ࢩࢫࢸ࣒౑⏝㟁ຊホ౯

ḟẁ㝵ホ౯࡜ࡋ࡚ࠊ⥅⥆Ⓨᒎⓗ࡟௨ୗࡢⅬࡢゎ᫂࡟
ὀຊࡋ࡚࠸ࡃணᐃ࡛࠶ࡿࠋ 
(1) Python ௨እࡢゝㄒ࡟ࡼࡿ୪ิฎ⌮ࢯࣇࢺ࢙࢘࢔࣭
ࣛ࢖ࣈࣛࣜ௙ᵝࡢホ౯
(2) どぬ໬ࢆྵࡵᏛ⏕࡛ࣞ࣋ࣝࡶࡼࡾᡭ㍍࡛ᢅ࠸ࡸࡍ
࠸ホ౯࢖ࣥࢱࣇ࢙࣮ࢫࡢᵓ⠏
(3) ศᩓฎ⌮ຠᯝࡀ᫂☜࡟⌧ࢀࡿ࢔ࣉࣜࢣ࣮ࢩࣙࣥ࠾
ࡼࡧホ౯ࣃ࣓ࣛࢱࡢ᳨ウ
ཧ⪃ᩥ⊩
1᧥ ࣅࢵࢢࢹ࣮ࢱᇶ┙ 
http://www.iij.ad.jp/biz/bigdatalab/bases.html 
2㸧http://raspbian.org 
3㸧Message Passing Interface (MPI) 
https://ja.wikipedia.org/wiki/Message_Passing_In
terface 
4㸧ጲ㔝࣋ࣥࢳ࣐࣮ࢡ http://accc.riken.jp/2145.html 
5㸧Media Encoding Cluster 
http://sf.net/projects/bripper 
－108－
